ABSTRACT: A total of 1,360 pigs were used in a 125-d study to determine the effects of corn dried distillers grains with solubles (DDGS) withdrawal after immunological castration (Improvest, Zoetis, Kalamazoo, MI) on growth performance and carcass fat quality of pigs. Pens of male pigs (initially 24 kg) were randomly allotted by BW and castration method (physically castrated [PC] or immunologically castrated [IC] barrows) to 1 of 3 diets with 8 replications per treatment and 27 to 29 pigs per pen. Treatments were arranged in a 2 × 3 factorial with main effects of castration method and diet (0% DDGS throughout, 30% DDGS throughout, or 30% DDGS through d 75 then no DDGS to d 125). Intact males were injected with Improvest on d 39 and 74 (IC). No castration method × diet interactions (P > 0.12) were observed for growth performance. Before the second Improvest injection (d 0 to 74), PC barrows had increased (P < 0.05) ADFI but were less efficient (P < 0.05) than intact males. After the second Improvest injection until the first marketing event (d 74 to 107), IC barrows had improved (P < 0.05) ADG and G:F compared with PC barrows. From d 0 to 107, IC barrows had improved (P < 0.05) ADG, G:F, and lower ADFI than PC barrows. The inclusion of 30% DDGS decreased (P < 0.05) G:F compared with pigs fed the control diet. For the period after the second Improvest injection (d 74 to 125), IC barrows had increased (P < 0.05) ADG, ADFI, and G:F compared with PC barrows. Overall (d 0 to 125), IC barrows had improved (P < 0.05) ADG and G:F and lower ADFI than PC barrows. The inclusion of 30% DDGS decreased (P < 0.05) G:F. Carcass yield was lower (P < 0.05) for IC than PC barrows. Pigs fed 30% DDGS throughout had decreased (P < 0.05) carcass yield; however, withdrawing DDGS from the diet on d 74 was effective at fully recovering the yield loss. Carcass fat iodine values (IV) were consistently higher (P < 0.05), regardless of fat depot or harvest time when 30% DDGS were included in the diet. Multiple 2-way interactions (P < 0.05) were detected between castration method, DDGS, depot, and time. Interactions were a result of fatty acid profiles changing more rapidly in backfat and belly fat than in jowl fat from d 107 to 125 and more dramatically in IC than PC barrows in the same period. This improvement from d 107 to 125 could be caused by the dilution of unsaturated fatty acids, specifically C18:2 and C18:3, due to rapid deposition of fat from de novo synthesis in IC barrows.
INTRODUCTION
Byproducts such as dried distillers grains with solubles (DDGS) are often used in swine diets to lower feed costs, but they have been shown to negatively affect carcass yield and fat quality (Whitney et al., 2006; Linneen et al., 2008; Stein and Shurson, 2009) . A high carcass fat iodine value (IV) is associated with more unsaturated fat and has consistently been observed in pigs fed DDGS (Hill et al., 2008; Benz et al., 2010) . However, removing DDGS as the source of unsaturated fat from the diet before harvest lowers carcass fat IV (Jacela et al., 2010; Xu et al., 2010a; Asmus et al., 2014) .
Immunization against gonadotropin-releasing factor (Improvest; Zoetis, Kalamazoo, MI) allows pigs to perform as intact males until the second immunization injection (Dunshea et al., 2001) . After the second immunization, feed intake and growth rate increase rapidly (Dunshea et al., 2001; Cronin et al., 2003; Zamaratskaia et al., 2008) . Because intact males deposit less fat than barrows (Knudson et al., 1985) , our hypothesis was that intact males would deposit less fat before the second dose, with a greater portion of their total fat deposition occurring late in the finishing stage (Rikard-Bell et al., 2009 ). Thus, we speculated that feeding high levels of unsaturated fat before the second dose may have less overall impact on carcass fat IV when less unsaturated fat (from DDGS) is fed during the post-second dose phase before market.
Previous research has shown that reducing the dietary level of DDGS before harvest improves carcass yield and fat quality (Gaines et al., 2007a; Hill et al., 2008; Xu et al., 2010a) ; however, no studies have determined the impact of DDGS feeding strategy in combination with immunological castration. The objective of this study was to determine the effects of withdrawing DDGS from the diets of barrows and immunological castrates before market on growth performance and carcass fat quality of growing-finishing pigs.
MATERIALS AND METHODS
The Kansas State University Institutional Animal Care and Use Committee (Manhattan, KS) approved the protocol used in this experiment.
General
The study was conducted at a commercial researchfinishing barn in southwestern Minnesota. The facility was double-curtain-sided with pit fans for minimum ventilation and completely slatted flooring over a deep pit for manure storage. Individual pens were 3.0 × 5.5 m. Each pen was equipped with a single-sided, 152.4-cm-wide, 5-hole, stainless steel dry feeder (STACO, Inc., Schaefferstown, PA) and a cup waterer. Daily feed additions to each pen were accomplished through a robotic feeding system (FeedPro; Feedlogic Corp., Willmar, MN) that delivered and recorded diets as specified. Pigs had ad libitum access to feed and water throughout the study.
Animals and Diets
A total of 1,360 pigs (Line 337 × 1050: PIC Hendersonville, TN; initially 24.1 kg) were used in a 125-d study. To minimize maternal effects, all pigs used in the study were individually tagged and tattooed at birth in sequential order with the same number of pigs used from each litter. All odd-numbered pigs were left intact and even-numbered pigs were physically castrated (PC) at 2 d of age per standard farm procedures. At weaning (~19 d of age), all pigs were transported to the commercial wean-to-finish barn and placed in pens by castration method with 56 pigs per pen. Pens on one half of the barn were randomly assigned to 1 of the 6 treatments (2 castration methods × 3 dietary treatments) in a completely randomized manner. The other half of the barn was stocked with gilts. When pigs reached ~24 kg BW, all gilts were removed and half the pigs within each pen (barrow or intact male) were moved to a pen across the aisle. Thus, each initial pen (56 pigs) was split into 2 replicate pens (~28 pigs). Dietary treatments were based on DDGS feeding (0% throughout, 30% throughout, or 30% from d 0 to 74 and no DDGS fed from d 74 to market). Dietary treatments were corn-soybeanmeal based and fed in 5 phases (Tables 1 and 2 ). All diets were fed in meal form and balanced to similar standardized ileal digestible Lys:ME ratios. Diets were formulated to meet or exceed the amino acid requirements in each phase, including the requirements of intact males before immunological castration. The same source of DDGS was used throughout the study, with analyzed values of 0.86% lysine, 27.3% CP, and 10.7% ether extract. (AOAC, 2006; method 978.10) . Phytase was added to all diets at a constant level of 0.01% of the diet, which provided 998.8 phytase units/kg of complete diet. Therefore, the 6 treatments for the overall period were arranged in a 2 × 3 factorial with the main effects of castration method (PC vs. immunologically castrated [IC] barrow) and DDGS feeding (0, 30%, or 30% then 0% DDGS). This resulted in 8 intact male and 8 barrow pen replications per dietary treatment. All intact male pigs were immunized against gonadotropin-releasing factor through administration of Improvest (Zoetis, Kalamazoo, MI) by a certified injection team (ZTS). Intact males were injected with a 2-mL primer dose on d 39 (~110 d of age) and second 2-mL dose on d 74 (~145 d of age) in the high lateral aspect of the neck. A ZTS quality assurance check was performed on d 88 to ensure all pigs received both doses and did not exhibit any signs of typical boar behavior. Any pig thought to be a "suspect pig" (21 total) was redosed with an additional 2 mL of Improvest in the high lateral aspect of the neck, and the individual pig ID was recorded. Pens of pigs were weighed and feed disappearance was recorded on d 0, 25, 53, 74, 87, 107 , and 125 to determine ADG, ADFI, and G:F. On d 107 (~180 d of age), all pigs were weighed individually, and the 9 heaviest pigs per pen were tattooed by pen to be transported to Natural Food Holdings (Sioux Center, IA). At d 107, the 4 pigs closest to the pen median weight in each pen (32 pigs per treatment) were also identified to gain representative fat samples over time. These pigs were individually tattooed with a unique number (1 through 192), and the 2 heaviest median pigs per pen (16 per treatment) were transported with the 9 heaviest pigs to Natural Food Holdings for harvest. During harvest, the 2 selected median-weight pigs were sequenced with a unique number corresponding to the tattoo given at the farm to allow for further tracking. The day after harvest, the left side of each carcass was transported by refrigerated truck to the University of Illinois Meat Sciences Laboratory (Urbana, IL) for full carcass breakdown. Standard carcass criteria of HCW and percentage carcass yield were collected on all pigs harvested. The other 2 medianweight pigs remained in their respective pens and were harvested on d 125, then transported to the University of Illinois Meat Sciences Laboratory (Champaign, IL) for carcass processing. Fat samples were collected for both harvest dates from 4 fat depots (jowl, backfat between 10th and 11th rib, clear plate at the top of the boston butt between first and second rib, and belly) at the 3 Interaction castration method × diet. 4 Main effect of castration method (treatments 1, 2, and 3 vs. 4, 5, and 6).
5 Main effect of diet type (corn-soy or 30% DDGS).
6 Effect of DDGS before second injection (treatments 1 and 4 vs. 2, 3, 5, and 6).
7 Effect of withdrawing DDGS after second injection (treatments 2 and 5 vs. 3 and 6). For fatty acid analysis, fat samples were thawed and dissected to separate adipose tissue from skin and lean tissue as needed. Care was taken to uniformly sample all backfat layers. All fat tissues were cut and then frozen in a bath of liquid nitrogen, then ground into fine particles by a blender (Dynamics Corp. of America, New Hartford, CT). Approximately 50 μg of ground fat were weighed into a tube and mixed with 3 mL of methanolic-HCl and 2 mL of internal standard [2 mg/mL of methyl heptadecanoic acid (C17:0) in benzene], then heated in a water bath for 120 min at 70°C for transmethylation. After cooling, 2 mL of benzene and 3 mL of K 2 CO 3 were added to extract and transfer methyl esters into a vial for subsequent quantification of the methylated fatty acids by gas chromatography. Injection port and detector temperatures were 250°C, with a flow rate of 1 mL/min helium and a split ratio of 100:1. Oven temperature began at 140°C, increased at 3 Interaction castration method × diet. 4 Main effect of castration method (treatments 1, 2, and 3 vs. 4, 5, and 6).
7 Effect of withdrawing DDGS after second injection (treatments 2 and 5 vs. 3 and 6). 
Statistical Analysis
Data were analyzed as a completely randomized design using the PROC MIXED procedure of SAS (SAS Inst. Inc., Cary, NC) with pen as the experimental unit. The main effects of castration method and DDGS during withdrawal, as well as interactive effects, were tested. For carcass characteristics and fatty acid analysis, interactive effects of DDGS, harvest time, fat depot, and castration method were tested using repeated measures. Additionally, preplanned single degree of freedom contrasts were used to compare pigs not fed DDGS with those fed DDGS before second injection (treatments 1 and 4 vs. 2, 3, 5, and 6) and to determine the effect of withdrawing DDGS after second injection (treatments 2 and 5 vs. 3 and 6). Means are reported as least squares means. Results were considered significant at P ≤ 0.05 and considered a trend at P ≤ 0.10.
RESULTS

Growth Performance
No castration method × diet interactions (P > 0.12) occurred for any growth performance measurements. The PC barrows had greater (P < 0.05) ADG (0.87 vs. 0.84 kg) than intact males from d 0 to 25 (Table 3) , which resulted in a tendency for PC barrows to have greater (P < 0.10) ADG (0.90 vs. 0.89 kg) than intact males before the second Improvest immunization (d 0 Table 4 ). Intact males had decreased (P < 0.05) ADFI and improved (P < 0.05) G:F for all periods before the second immunization. Immediately after the second immunization (d 74 to 87), IC barrows continued to have lower (P < 0.05) ADFI (2.71 vs. 3.01 kg) but grew faster (P < 0.05) than PC barrows (1.02 vs. 0.98 kg), resulting in improved (P < 0.05) G:F (0.38 vs. 0.33). After this 2-wk period, feed intake increased in IC barrows such that they had greater (P < 0.05) ADFI for the last 2 phases of the trial (d 87 to 107 and d 107 to 125) than PC barrows. The higher feed intake allowed IC barrows to have greater (P < 0.05) ADG during the last 2 phases than PC barrows. Feed efficiency was also better (P < 0.05) from d 87 to 107 for IC barrows but was similar to that of PC barrows between d 107 and 125. For the period after the second Improvest injection until the first marketing event (d 74 to 107), IC barrows had increased (P < 0.05) ADG (1.04 vs. 0.95 kg) and were more feed efficient (P < 0.05; 0.33 vs. 0.31) than PC barrows. From d 0 to 107, IC barrows had improved (P < 0.05) ADG (0.93 vs. 0.92 kg) and G:F (0.43 vs. 0.40) and lower (P < 0.05) ADFI (2.18 vs. 2.30 kg) than PC barrows. The inclusion of 30% DDGS did not influence ADG or ADFI regardless of withdrawal or castration method but did reduce (P < 0.05) G:F.
For the period after the second Improvest immunization to the end of the trial (d 74 to 125; 51 d after the second dose), IC barrows had increased (P < 0.05) ADG (1.04 vs. 0.95 kg) and ADFI (3.22 vs. 3.10 kg) and were more feed efficient (P < 0.05; 0.33 vs. 0.31) than PC barrows. Overall (d 0 to 125), IC barrows had improved (P < 0.05) ADG (0.94 vs. 0.92 kg) and G:F (0.41 vs. 0.39) and lower ADFI (2.30 vs. 2.37 kg) than PC barrows. The inclusion of 30% DDGS again did not influence ADG or ADFI regardless of withdrawal or castration method but reduced (P < 0.05) G:F. Regardless of castration method, pigs fed 30% DDGS had decreased (P < 0.05) ADG compared with pigs fed the control diet without DDGS from d 0 to 25, d 25 to 53, and for the entire period before the second Improvest immunization (d 0 to 74; 0.84 vs. 0.89, 0.81 vs. 0.79, and 0.90 vs. 0.89 kg, respectively). Withdrawing DDGS from the diet on d 74 did not influence pig performance from d 74 to 107 but resulted in lower (P < 0.05) ADFI and improved (P < 0.05) G:F from d 107 to 125. The inclusion of 30% DDGS did not influence (P > 0.12) overall ADG or ADFI but reduced (P = 0.05) G:F regardless of withdrawal strategy.
Carcass Characteristics
Final HCW was greater (P < 0.05) on d 125 than on d 107, and pigs fed DDGS throughout had lower (P < 0.05) HCW than pigs fed corn-soybean meal diets; pigs withdrawn from DDGS were intermediate (Table 5) . Castration method did not influence (P = 0.28) HCW. Carcass yield was lower (P < 0.05) for IC barrows than PC barrows for all diet strategies, but feeding 30% DDGS to market reduced yield to a greater extent in IC barrows than in PC barrows (castration method × DDGS; P < 0.05). Pigs fed the 30% DDGS diet throughout had decreased (P < 0.05) carcass yield; however, withdrawing DDGS from the diet on d 74 was effective at fully recovering the yield loss, returning yield to levels similar to that of pigs fed the corn-soybean meal diet throughout. Carcass yield was similar on d 107 and 125 for IC barrows but decreased slightly over time, with PC barrows leading to a castration method × time interaction (P < 0.05).
Immunological castrates tended (P < 0.10) to have reduced backfat compared with PC barrows. There was also a tendency for a DDGS × time interaction (P < 0.10) in which pigs fed corn-soybean meal diets throughout tended to have a greater increase in backfat from d 107 to 125 than pigs fed diets containing DDGS or withdrawn from DDGS. No other differences (P > 0.16) were detected for backfat depth. No differences were detected (P > 0.12) for loin area, loin depth, or percentage lean regardless of castration method, DDGS, or time, with the exception of a tendency for a DDGS × time interaction (P < 0.10) for percentage lean in which lean reduced more from d 107 to d 125 for pigs fed corn-soybean meal diets than for pigs fed DDGS or pigs withdrawn from DDGS.
Analysis of Fat Depots
No 3-or 4-way interactions (P > 0.07) were observed for fatty acid analysis or IV with the exception of a DDGS × time × depot interaction (P < 0.05) for PUFA in which PUFA levels were lower at d 125 than at d 107 in belly and backfat samples. However, jowl and clear plate fat samples had similar or increased PUFA at d 125 compared with d 107 (Tables 6 to 14) . The reduction in PUFA was also greater for belly and backfat samples when DDGS was withdrawn, leading to the 3-way interaction.
Castration Method × DDGS. Multiple castration method × DDGS interactions (P < 0.05) were observed for C18:2n-6, C18:3n-3, MUFA, PUFA, PUFA:SFA, and IV. These interactions were caused by IC barrows having a greater decrease in unsaturated fatty acids and increase in saturated fatty acids than PC barrows when DDGS were withdrawn from the diet, resulting in a greater improvement in fatty acid profiles for IC barrows. This change in fatty acid profile led to IC barrows having a greater reduction in IV than PC barrows when DDGS were removed from the diet (Fig. 1) . Castration Method × Depot. Multiple interactions (P < 0.05) were detected for castration method × depot (belly, backfat, clear plate, jowl). Interactions were detected in C16:0, C18:0, C18:1cis-9, C18:2n-6, C18:3n-3, C20:2, C20:4n-6, all other fatty acids, MUFA, trans fatty acids, UFA:SFA, and IV. The interactive effects (P < 0.05) occurred because fatty acid profiles were similar between PC and IC barrows in backfat and belly samples, but IC barrows had increased values for unsaturated fatty acids and decreased values for saturated fatty acids compared with PC barrows in jowl and clear plate samples.
Castration Method × Time. Several castration method × time interactions (P < 0.05) occurred in fatty acid analysis. Immunological castrates had higher concentrations of unsaturated fatty acids and lower concentrations of saturated fatty acids at d 107 than PC barrows, but the levels of saturated fatty acids (C14:0, C16:0) increased and unsaturated fatty acids (C18:2n-6, C18:3n-3, C20:4n-6, MUFA), UFA:SFA, and IV decreased to a greater extent in IC barrows by d 125 compared with PC barrows resulting in the interaction. Similarly, the rapid improvement in fat quality from d 107 to 125 for IC barrows resulted in a tendency (P < 0.10) for an interaction for C20:2, all other, and total trans fatty acids compared with PC barrows. DDGS × Depot. Numerous interactive effects were detected between DDGS level (0% throughout, 30% withdrawal, and 30% throughout) and fat sample depot (backfat, belly, clear plate, and jowl). All depots showed improvements in C14:0, C16:0, C18:0, C18:1 cis-9, C18:1n-7, and IV as DDGS were withdrawn from the diet; however, jowl fat responded less than all other depots, resulting in an interaction. DDGS × Time. An interaction was detected (P < 0.05) for the fatty acid C18:2n-6 because the concentration of C18:2n-6 in the fat was lower at d 125 than 107 for pigs withdrawn from DDGS at d 74, with pigs fed DDGS throughout having similar levels of C18:2n-6 on d 107 and 125. There also was an interaction for MUFA because it increased at d 125 for pigs fed the corn-soy diet throughout and for pigs that had DDGS removed from their diet, whereas the pigs fed DDGS throughout had similar MUFA concentrations at d 107 and 125.
Time × Depot. Multiple interactions (P < 0.05) were observed for time (d 107 and 125) and depot (backfat, belly, clear plate, and jowl), including interactions for concentrations of C14:0, C16:0, C17:0, C18:0, C18:1cis-9, C18:2n-6, C18:3n-3, C20:0, C20:1, C20:2, C20:4n-6, other fatty acids, SFA, MUFA, PUFA, trans fatty acids, UFA:SFA, PUFA:SFA, and IV. The interactions were caused by jowl fat samples showing very little to no change over time, whereas fat samples from the belly, clear plate, and back all showed similar responses with increasing saturated fatty acids and decreasing unsaturated fatty acids.
Castration Method. Overall, the main effect of castration method resulted in IC barrows having reduced (P < 0.05) concentrations of C14:0, C18:1 cis-9, C18:1n-7, C20:1, MUFA, and UFA:SFA as well as a tendency (P < 0.10) for reduced concentrations of C16:1. However, IC barrows also had increased (P < 0.05) concentrations of C18:0, C18:2n-6, C18:3n-3, C20:4n-6, and SFA and tended to show increased (P < 0.10) concentrations of C20:2 and PUFA:SFA.
DDGS. Overall, the inclusion of DDGS increased (P < 0.01) C17:0, C18:2n-6, C18:3n-3, C20:2, C20:4n-6, other, PUFA, trans, UFA:SFA, PUFA:SFA, and IV fatty acid concentrations. Inclusion of 30% DDGS, however, reduced (P < 0.05) concentrations of C14:0, C16:0, C16:1, C18:0, C18:1 cis-9, C18:1n-7, C20:1, SFA, and MUFA fatty acids. Time. Increases (P < 0.05) in C18:1 cis-9 and MUFA fatty acid concentrations and reductions (P < 0.05) in C17:0, C18:2n-6, C18:3n-3, C20:4n-6, PUFA, and PUFA:SFA fatty acid concentrations were observed from d 107 to 125.
Depot. Differences (P < 0.05) were observed between depots in C14:0, C16:0, C16:1, C17:0, C18:0, C18:1 cis-9, C18:1n-7, C18:2n-6, C18:3n-3, C20:0, C20:1, C20:2, C20:4n-6, other, SFA, MUFA, PUFA, trans, UFA:SFA, PUFA:SFA, and IV fatty acids. The main differences were caused by jowl fat samples resulting in consistently higher levels of unsaturated fatty acids and lower levels of saturated fatty acids.
DISCUSSION
Pigs that were immunologically castrated had increased ADG, reduced ADFI, and improved feed efficiency compared with PC barrows. This result agrees with research by Dunshea et al. (2001) and Turkstra et al. (2002) . Morales et al. (2011) reported no overall differences in ADG, but they reported similar reductions in ADFI and improvement in feed efficiency for IC barrows compared with PC barrows. Immunological castrates tended to have reduced ADG and had improved feed efficiency before the second injection while they were still intact males, due to reductions in feed intake. The tendency for reduced ADG was driven by the significant reduction from d 0 to 25, with no differences in ADG from d 25 to 53 or 53 to 74 of the study. This result agrees with Morales et al. (2011) , who reported PC barrows had greater ADG than IC barrows before the second immu- 2 Pigs selected for fat analyses represented the median for each pen (2 pigs/pen). nization for the IC barrows. Weiler et al. (1996) reported that increased testosterone levels in intact males were associated with reductions in feed intake, which could explain the reduced feed intake seen in our study from d 0 to 74. These results also agree with Campbell and Taverner (1988) and Bonneau et al. (1994) , who reported that barrows have increased levels of feed intake compared with intact males. Similarly, Quiniou et al. (1996) reported that intact males reach maximum protein deposition at a lower energy intake, which could allow IC barrows to be more efficient before their second immunization because lean muscle deposition is more energetically efficient than fat deposition (NRC, 1998) . For the 13 d immediately following second Improvest injection (d 74 to 87), IC barrows had lower ADFI and improved ADG and feed efficiency. After this transition phase, IC barrows had greater ADG, driven mostly by a large increase in ADFI compared with PC barrows.
These results agree with those of Lealiifano et al. (2011) , who reported no difference in ADFI for 2 wk immediately following the second dose of Improvest. However, during the following 2 wk (2 to 4 wk after second injection), the authors reported a 32% increase in ADFI for IC barrows compared with PC barrows. Similar to work by Dunshea et al. (2001) , Rikard-Bell et al. (2009 , IC barrows had increased ADFI from 2 wk after second injection through harvest. This rapid change in intake could be partially explained by the change in behavior when IC barrows transition from an intact male to an immunologically castrated state, including spending less time engaged in fighting and sexual behavior (Dunshea et al., 2001) and more time at the feeder (Cronin et al., 2003) .
Although no data have reported the inclusion of dietary DDGS in diets fed to immunological castrates, a large amount of work has reported on the dietary inclusion of DDGS for PC barrows. For growth performance, PC and IC barrows responded similarly to dietary treatments. The addition of 30% DDGS to the diet reduced ADG through numeric reductions in feed intake and feed efficiency from d 0 to 25 for pigs. This initial reduction in ADFI could be explained by the pigs' reduced preference for diets that include DDGS (Seabolt et al., 2010) . Including 30% DDGS in the diet reduced ADG and feed efficiency for the entire period from d 0 to 74 with no difference in ADFI, which agrees with previous research by Whitney et al. (2006) . From d 74 to 125 (period after second injection), ADFI increased with the inclusion of 30% DDGS compared with pigs fed the control diet, with the pigs withdrawn from DDGS having intermediate consumption. These data agree with Asmus et al. (2014) , who saw increased feed intake when pigs remained on a higher fiber diet containing DDGS and wheat middlings compared with pigs fed a corn-soybean meal control diet, with pigs withdrawn from the high-fiber diet having intermediate intake levels. These differences within phase resulted in no overall (d 0 to 125) differences in ADG or ADFI; however, the inclusion of 30% DDGS reduced G:F, which agrees with data by Gaines et al. (2007b) . The effects of DDGS on feed efficiency have been shown to be variable; for example, Hill et al. (2008) and Xu et al. (2010a) found no differences in G:F. The variability in response could be attributed to variability between DDGS sources. We also had a greater number of pigs and replications in our experiment than in some previous experiments, which allowed us to detect smaller differences in feed efficiency.
In the current trial, carcass yield was lower for IC barrows than PC barrows regardless of dietary inclusion of DDGS. Yield has been shown to be lower in intact males and IC barrows than in PC barrows due in part to the presence of testicles and other accessory tissues (Hansen and Lewis, 1993; Babol and Squires, 1995) . Although immu- nological castration has been shown to reduce the weight of testes and bulbourethral glands compared with intact males (Pauly et al., 2009; Gispert et al., 2010) , IC barrows still have increased testes, which are absent from PC barrows. It has also been hypothesized that the reduction in yield could be due to increased amounts of gut fill due to the large increase in ADFI exhibited after the second injection of Improvest, as well as increased amounts of abdominal fat (Dunshea et al., 2001; Zamaratskaia et al., 2008) . Another possible cause for the reduction in yield could be the heavier kidneys and intestines in intact males than in barrows (Hansen and Lewis, 1993; Babol and Squires, 1995) . It has also been reported that liver weights tended to be heavier in IC barrows than in PC barrows (Pauly et al., 2009 ).
In the current trial, DDGS inclusion reduced SFA and MUFA proportions regardless of fat depot; however, total trans and PUFA were increased mainly though increases in C18:2 and C18:3 fatty acid concentrations, resulting in increased carcass fat IV. The findings agree with work by Xu et al. (2010b) and Hill et al. (2008) , who reported increased fat IV when pigs were fed increasing levels of DDGS. Immunologically castrated pigs had reduced MUFA, but PUFA was increased through increased C18:2 and C18:3, causing increases in IV for backfat, clear plate, and jowl fat. Similarly, Pauly et al. (2009) reported increased PUFA for IC barrows compared with PC barrows. Conversely, Boler et al. (2011) and Font-i-Furnols et al. (2012) did not find a difference in PUFA in individual cuts (bellies and hams, respectively) between IC and PC barrows. The degree of unsaturation has been reported to be higher in intact males than barrows; IC should be intermediate (EFSA, 2004) . The IV of jowl fat was considerably greater than the IV of backfat, belly fat, or clear plate regardless of castration method or dietary regimen. Increasing feeding duration from 33 to 51 d after second injection reduced IV for backfat and belly fat for IC barrows but did not influence IV of jowl or clear plate fat. These results were expected, because more of the fat in the late finishing period is deposited in the belly and backfat. The data also demonstrate the difference in conclusion, depending on which fat source is being measured. For jowl fat, IV was greater for IC barrows than PC barrows regardless of diet and did not decrease with days on feed (in this case, an additional 18 d). For backfat and belly fat, increasing days on feed from d 107 to d 125 reduced IV, with IC barrows having a much greater reduction in IV than PC barrows. Carcass fat IV regardless of depot was greater when 30% DDGS were included in the diet. The withdrawal strategy was successful at lowering the IV compared with pigs fed DDGS throughout. However, as observed in previous studies (Xu et al., 2010a) , it was not successful at fully lowering IV to values similar to pigs fed the control diet throughout. The large difference in IV between depots and in rate of change over time indicates that choice of fat depot should be carefully considered when using IV to assess fat quality. For example, jowl fat IV responds more slowly to dietary changes before market than IV of other fat depots.
The withdrawal of dietary DDGS before marketing improved fat firmness as measured by IV regardless of castration method, but IC barrows had more dramatic changes in fatty acid profiles and IV with the removal of DDGS than PC barrows. These changes could be caused by the rapid deposition of backfat that occurs after the second injection (Lealiifano et al., 2011) , which causes increased backfat depths and a dilution effect for unsaturated fatty acids.
In summary, withdrawing DDGS from the diet before harvest, regardless of castration method, can regain yield loss and improve carcass IV; however, regardless of withdrawal strategy or castration method, feed efficiency was poorer when feeding DDGS. Immunological castrates had reduced carcass yield and ADFI regardless of diet type, but they also had improved ADG, which resulted in improved G:F compared with PC barrows. Although immunological castration can increase IV of fat depots when pigs are harvested at 5 wk after second injection, extending the length of feeding duration before harvest after the second injection returns IV values to levels similar to those of PC barrows, probably caused by a dilution effect of unsaturated fatty acids coming from dietary sources.
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